The Dak Nong province is in the Central Highland. The natural condition of its land, soil and climate that well supports to coffee cultivation. To grow one coffee crop, it requires much water for irrigating. In rain season, irrigated water is from rain water. And, in the dry season the irrigated water is from surface and ground water. The current changes of climate caused the long dry season with high temperature and low rainfall in rain season. These have strong impacted on coffee cultivation and production. This paper applied the methods of remote sensing and GIS in the water footprint analysis by CROPWAT model to identify the crop evapotranspiration, water footprint, blue water footprint, and green water footprint of coffee farming in Dak Nong province. Then, the conclusions and suggestions for water resource management and protection for proper water using and sustainable development of this province.
METHODS

The Remote Sensing Method
The Landsat images were used to identify the coffee area, vegetation index (NDVI) and crop coefficient (K c ) of coffee in Dak Nong in 2015. The NDVI index was calculated by the ratio of Red and NIR spectral bands (Benedetti and Rossinni, 1993) . It then helped to calculate the crop coefficient (K c ) and crop reference evaportranspiration (ET o ) of coffee.
According to Singh and Irmak (2009) , to calculate K c , it required the data of coffee density, stages of coffee growth and natural conditions of the area. The relationship of these elements to the vegetation index (NDVI) is described and the following Table 1 : 
DISCUSSIONS AND RESULTS
The Crop Evapotranspiration in Coffee area of Dak Nong Province
The examined areas are mature robusta coffee farms (over four years old) in Daknong province. The crop duration lasts in eleven months. Table 2 shows the different results of NDVI and Kc indexes. The areas with NDVI > 0.7 and K c > 0.8 had coffee farms in high coffee tree density (from 1,300 to 1,500 tree per hectare), high coffee branches density (average from 100 to 120 branches per tree) (the districts of Dak Mil and Tuy Duc). The areas with NDVI < 0.7 and K c < 0.8 had coffee farms in average coffee tree density (from 1,000 to 1,100 trees per hectare) and average coffee branches Table 2 indicated that the evapotranspiration increased the more difficulties of climate, geography, and cultivation experiences of farmers (such as coffee seeds, coffee density, and irrigation, etc.). These results had the same conclusion as Champagne and Hoekstra (2007). liter/tree/irrigation time). This has caused the biggest waste of fresh water in coffee cultivation in this province. Amongst districts, Gia Nghia had the lowest consumed water of coffee trees in dry season. It was because farmers in this area applied the coffee seed that required less water.
In general, the annual rainfall from 2,200 to 2,400 mm of Dak Nong province can redundantly supply water for coffee in rain season. However, the water requirement for coffee in districts is different because of different coffee areas.
The districts of Dak Mil, Krong No, Dak Song, Tuy Duc, and Dak R'Lap had large coffee area (over 14,000 hectares of each). These areas have a good natural condition for high coffee production. Therefore the fresh water requirement in these districts was higher than others, from 8,500 to 9,100 m3/ha. Gia Nghia and Dak Glong had coffee areas around 7,000
hectares of each (about 48 percent of total district agriculture area). Their water requirement in the rain season was from 8,100 to 8,700 m 3 /ha. This amount of water was close to the above districts with over 14,000 hectares of coffee due to high density (from 1,100 to 1,200 trees/hectare) Especially in Cu Jut district, the coffee area was 2,977 hectares, quite lower than others. The water requirement in the rain season was 8,400 m 3 /ha, nearly the same with Gia Nghia and Dak Glong with 7,000 hectares. The coffee density in this area was lower as well, because of limited natural condition (with low humidity, heat and dry) and high slope (over 5 sloped degrees); and farmers applied the coffee seeds required much water. They had no vegetation cover for their farms.
Therefore, their coffee yield was lower than others. 3 /ton/crop. In which, the green water footprint was 73.4 percent and the blue water footprint was 26.6 percent. This conclude the role of green water footprint in maintaining the coffee yield; and the role of blue water footprint in blooming and having fruits. In sum, coffee farming has strong dependence on water source and natural conditions. In adjusting the coffee water footprint, it could maintain the water sources for coffee cultivation.
SUGGESTIONS
To the point of view for water conservation and proper usage for sustainable development, coffee farming in Dak
Nong province has increased impacts on water resource, especially surface and ground water resources. It is necessary to have better strategies for water using and solving problems of increasing water requirements, while fresh water sources is being decreased in this province. Firstly, it is necessary to identify the characteristics of river catchment and the areas where would be available for cultivation. This should be considered with a balance between water demand and water supply for agriculture activities that would not damage the water resource and ecology of the Highland area.
To reduce the coffee green and blue water footprints, the crop evapotranspiration should be reduced and controlled. At the government level, the irrigation system should be well developed to collect storm water for using in the dry season; the land use planning for agriculture area should be implemented. Then the areas with less support for coffee farming should be prohibited; the new seeds with less consumed water should be encouraged to develop. And to farmers, their awareness of water conservation and protection should be increased; and the guideline for coffee farming should be updated to support well for their farming.
